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Ⅰ EIC Detector Setup
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Ⅰ Jet Production and Modification in e+A
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Study cold nuclear matter properties with jets at the EIC

Initial-state modification: 
nuclear parton distribution functions (nPDFs)

Final-state effects: 
interactions between the jet and cold nuclear matter

Isolate nuclear effects

Isolate nPDFs



FF Evolution in Cold Nuclear Medium
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Inclusive hadron production cross section as:

H. T. Li, Z. L. Liu, I. Vitev,
Phys. Lett. B 816 (2021) 136261.

With better understanding of in-medium parton showers, the traditional energy loss can be generalized 
to fragmentation function evolution in the presence of nuclear matter:

Ⅱ

e-going central h-going

https://www.sciencedirect.com/science/article/pii/S037026932100201X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932100201X?via%3Dihub


Multi-Dimensional Imaging of the Nucleon

Generalized transverse momentum dependent parton distributions (GTMDs) / Wigner Function
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Ⅲ

https://arxiv.org/abs/2103.05419
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https://arxiv.org/abs/2103.05419


Multi-Dimensional Imaging of the Nucleon
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In eight leading-twist TMDs

is the Sivers function, appearing in the distribution of unpolarized 
partons a inside a polarized proton. It links the parton intrinsic motion to the 
proton spin:

is the Collins function, describing the fragmentation of a polarized 
quark into a spinless (or unpolarized) hadron:

Main access at the EIC : transverse single-spin asymmetries (SSAs)

Traditional way

A novel way!

D. Boer, et al., arXiv:1108.1713

D meson pair production
Charged dihadron production
Dijet production

Ⅲ

https://arxiv.org/abs/1108.1713


Multi-Dimensional Imaging of the Nucleon

For an incoming transversely polarized proton, the transverse spin vector Ԧ𝑠𝑇 is correlated with the 
imbalance momentum Ԧ𝑞𝑇, which leads to a sin(φs − φq) modulation of the electron-jet cross section.
The imbalance Ԧ𝑞𝑇 is only sensitive to TMD PDFs, while the Ԧ𝑗𝑇 is sensitive to TMD FFs alone.
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M. Arratia, Z.-B. Kang, A. Prokudin, F. Ringer, Phys. Rev. D 102 (7)(2020) 074015

Significantly reduce the current theoretical uncertainties

Ⅲ
Ԧ𝑞𝑇 is the imbalance of the transverse momentum of the final-state electron and jet.
Ԧ𝑗𝑇 is the transverse momentum of hadrons inside the jet with respect to the jet axis.

http://arxiv.org/abs/2007.07281


Ⅳ Proton Mass; Higher Q2: Looking to EIC
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Higher Q2 provides a more rigorous connection  between cross section and the matrix element.

Boussarie & Hatta et al, Phys.Rev.D 101 (2020) 11, 114004

near-threshold J/ψ and ϒ production

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.114004


Proton Mass; Higher Q2: Looking to EIC
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Lattice is the only first-principles 
approach  to understand non-
perturbative QCD dynamics 

C. Alexandrou et al., (ETMC), 
PRL 119, 142002 (2017)

C. Alexandrou et al., (ETMC), 
PRL 116, 252001 (2016)

Event generator: eSTARLight

Di-electron reconstruction

Large Q2 lever arm will allow to 
constraint the production mechanism 
and reduce the model dependence of 
the trace anomaly contribution

Ⅳ
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Proton Mass; Higher Q2: Looking to EIC
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Broader fields:
stellar dynamics

…

High Energies

Gluon GPD 
3D tomography

…

From S.Joosten’s slides

Ⅳ



Ⅴ
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Photoproduction; Mass Radius

Charge radius from spatial distribution of 
quarks: form factors in electron scattering 
experiments.

Mass radius from gravitational form 
factors (GFF) in photoproduction! In 
the non-relativistic limit.

Kharzeev, PRD 104 (2021) 054015; Wang et al., PRD 103 (2021) L091501; 
Mamo and Zahed, PRD 101 (2020) 086003; PRD 103 (2021) 094010
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Photoproduction; Pentaquark ?

In 2015, exotic-like structures in the channel were found.

Aaij et al. [LHCb], PRL 115 (2015) 072001; 
Aaij et al. [LHCb], PRL 122 (2019) 222001

Ali et al., PRL 123 (2019) 072001; 
Brodsky et al., PLB 498 (2001) 23

GlueX data for threshold J/ ψ production mechanism.

Set upper limits to
Hiller Blin et al., PRD 94 (2016) 034002; 
Winney et al., PRD 100 (2019) 034019

From Astrid N. Hiller Blin’s slides

Ⅴ

Larger statistics will be accessed at the EIC



Photoproduction; Nuclear Medium Modification
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According to pQCD, the forward scattering cross section of J/ψ  photoproduction is proportional to the 
square of the gluon density distribution

The nuclear gluon shadowing can be model-independently quantified by Rg

Momentum fraction x:

Ⅴ



Ⅵ Summary

16

➢ReA of jet as a key to understanding nuclear medium effect and hadronization.

➢A novel way: hadron in jet probes TMD PDFs independently of TMD FFs.

➢Photoproduction of heavy quarkonium off nucleon targets can give insight about 

gluon distributions in the nucleon, trace anomaly contribution to the proton mass, 

mass radius and pentaquark evidence.

➢ Jets and HF are powerful probes of EIC physics.



Ⅰ

Backup
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Ⅰ Backup: Jet based TMD PDFs
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LO cross section: The Sivers asymmetry and electron-jet decorrelation

The Collins asymmetry and jet substructure



Ⅰ Backup: Two improvements and detection 
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Ⅰ Backup: Proton Mass Workshop 
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Ⅰ Backup: Proton Mass Workshop 
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Ⅰ
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Backup: ReA for OHF (open heavy flavor)


